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Stimulated by recent experiments, which verified the preservation of the analyte solution
charge state upon incorporation in the host matrix crystals, investigations are reported
focusing on the role of analyte and counter ions in the matrix-assisted laser desorption/
ionization (MALDI) process. These counter ions are only visible in the MALDI mass spectra
under certain conditions, i.e., if inter-ionic proton transfer followed by evaporation of the
neutrals is prevented, as in the case of metal cations. However, ion pairs can also survive the
MALDI process if anions of very low gas phase basicities are used. By this means the
intermediates of ion production in MALDI can be visualized. Depending on the amount of
energy transfer to the analyte, which is mainly controlled by the matrix, different grades of
adduct generation are observed. The analyte-, matrix- and polarity-dependant adduct distri-
bution substantiates the hypothesis that multi-ion pairs are incorporated in the MALDI
crystals and that ionization is essentially accomplished by charge separation processes.
Moreover, the adduct distribution—and most probably also the charge separation efficiency—
was found to be caused mainly by competition of different anionic species for coordination at
the positively charged analyte sites. Furthermore, the results point to a less efficient charge
separation with increasing number of ion pairs, which might be one major reason that mainly
singly charged ions are obtained with MALDI. (J Am Soc Mass Spectrom 2002, 13, 1218-1226)
© 2002 American Society for Mass Spectrometry
The existence and preservation of charged com-pounds in the matrix crystals is a fundamentalprerequisite of the hypothesis that the MALDI
process is an ablative mechanism in which charged
clusters are produced by charge separation processes
throughout the rapid energy transfer to the sample [1].
It was shown recently that the solution charge state of
the analyte is indeed maintained upon incorporation in
MALDI matrices [2], thus counter ions have to be
included in the crystals to account for charge balance.
Consequently, cation and anion adducts should show
up in MALDI mass spectra according to the number
and polarity of charged groups of the analyte. How-
ever, whereas (metal) cation adducts are a common
MALDI phenomenon, anion adducts are typically not
observed. Anion-adduct formation is therefore the fo-
cus of this paper, because it promises to give insight
into primary MALDI ionization mechanisms, e.g., for-
mation, separation, and neutralization of ion pairs
during sample preparation and during the ablation
process.
Analytes without basic or acidic groups such as
oligosaccharides [3] and polymers [4] can only be
detected either by cationization or anionization. Cation-
ization efficiency can be enhanced by addition of metal
salts [5–9] which is routinely used for detection of
neutral compounds. One of the few examples of anion-
ization is the detection of hydrogensulfate adducts of
oligosaccharides by using sulfuric acid as additive, but
also covalently bound sulfates (condensation reaction)
are detected using higher laser fluences or higher sul-
furic acid concentrations [10]. Adducts also occur with
alkylsulfonates [11].
Ion-adduct formation is, however, not restricted to
neutral species: even compounds with basic functions,
which are mainly detected as [MH] molecular ions
in positive ion mode (e.g., peptides [12, 13] or nucleic
acids [14, 15]), do form cation (e.g., alkaline-ion) ad-
ducts at least with minor intensities. Enhanced cation
attachment is observed in particular if the analyte has
negatively charged site(s) in solution, independent of
the net charge, and many compounds are indeed zwit-
terionic. Especially sulfonate or phosphonate groups
are deprotonated and thus negatively charged at least
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down to pH 1. Consequently, exchange of sodium
against ammonium cations (which are able to neutralize
the anions) is beneficial for nucleotides to avoid a broad
distribution of cation adducts [16, 17]. Furthermore,
doubly charged cations (e.g., Cu2 [18–20] or Zn2 [21,
22]) usually yield adducts of the form [MHCat],
suggesting the existence of ion pairs as well (although
reduction to the monovalent cation adduct [MCat]
may occur, too).
Nevertheless, anion adducts are only rarely observed
in MALDI. For example, Breuker et al. detected anion
adducts of different biological compounds, but they
used a special preparation method by mixing of silicon
particles with tetrabutylammonium salts as ionization
agents [23]. A better chance to detect adducts is given
for mixtures of polycations and polyanions with higher
(and nearly identical) masses, because more interionic
attractions add up to a stronger interaction. For exam-
ple, Juhasz and Biemann were able to detect complexes
of highly acidic compounds bearing several negatively
charged groups (e.g., suramin, heparines, or oligonucle-
otides) by adding multiply positively charged sub-
stances such as arginine-rich peptides or proteins as
complexing agents [24]. In principle, the same com-
plexation by salt bridges is valid in the case of nonco-
valent protein complexes, which can be detected with
MALDI using appropriate nondenaturing conditions
[25–29]. Another more recent example of anion adduct
generation is the detection of protein-dye complexes
with MALDI by Zenobi and coworkers [30–32]. The
dyes used in their experiments contain sulfonic acid
residues, which bind to positively charged sites in the
protein, mainly guanidinium groups. Moreover, they
were able to determine the number of arginines ex-
posed to the protein surface by counting the number of
anion adducts.
The detection of several adduct species in MALDI
mass spectra is a strong hint for the existence of ion
pairs in solution, their incorporation in the host matrix
crystals, and their survival during the MALDI process,
if neutralization by proton transfer is impossible. How-
ever, small anions attached to biomolecules are gener-
ally easily neutralized by proton transfer from neigh-
bouring positive basic sites. Consequently, attachment
of anions to positively charged analytes, e.g., proteins in
acidic environment, is restricted to special conditions
and is usually not observed with standard MALDI
preparation protocols. It has to be mentioned that
adducts of small anions with basic analytes are not
necessarily unstable in the gas phase because these
adducts are easily detected with ESI-MS [33, 34], where
considerably less energy is transferred to the analyte
molecules. With regard to the MALDI process, there are
two possibilities to account for this differerence: First, it
has to be considered that in the MALDI case more
energy is transferred to the ion pairs, which can lead to
enhanced proton transfer from the positive sites to the
anions followed by evaporation of the generated neu-
tral acids. Second, the exact position of the counter ions
relative to the analyte molecules in the matrix crystal is
unknown. Theoretically, the ion pairs can exist as
closely bound contact ion pairs or as loosely bound
solvent-separated ion pairs, where the distance between
these ions can either be small (with just a few solvent
molecules between them) or even quite far. These
possibilities were already considered in a study con-
cerning the existence of preformed ions in matrix crys-
tals [35] and are also known to be influenced by
solvation or hydrogen bonds, respectively [36]. More-
over, it has to be considered that matrix anions will
compete for positive sites with anions added to or
present in solution.
To find out the starting conditions of analyte ions
and their counter ions in the matrix crystals, and to
investigate the fate of these ion pairs upon ablation,
different very strong acids were added to the analyte
solution prior to sample preparation. The correspond-
ing anions of these “superacids” have in common their
gas phase basicities (GB) which are considerably lower
compared to other common anions such as chloride or
trifluoroacetate. Proton transfer from a protonated basic
site to this anion is less exergonic and can even become
(highly) endergonic because of coulombic forces which
have to be overcome. Thus, proton transfer followed by
subsequent evaporation of the neutral acid can be
reduced or suppressed. The experiments were carried
out with several different matrices in positive and
negative ion mode for comparison. To avoid uncertain-
ties related to the tertiary structure, all measurements
were performed in strong acidic solutions (pH  2), so
that protein denaturation was ensured and all basic
(and acidic) sites were readily accessible.
Experimental
Samples
All acids and the standard matrices were obtained from
Sigma-Aldrich (Deisenhofen, Germany), Fluka (Buchs,
Switzerland), or Merck (Darmstadt, Germany). All sub-
stances were used as supplied commercially without
further purification. The arginine containing peptides
with the sequence AXG AXG AXG AXG (where X is
either arginine or threonine) were synthesized and
HPLC-purified by WITA GmbH, Teltow, Germany. The
matrix derivative -cyano-4-methoxycinnamic acid
amide (CMCA) was synthesized in our laboratory by
means of a piperidine catalyzed Knoevenagel conden-
sation by slowly adding 4-methoxybenzaldehyde to
cyanoacetamide at 0 °C [37, 38].
Sample Preparation
As standard solvent for analytes and matrices (except
-cyano-4-hydroxycinnamic acid (CHCA) and its de-
rivative CMCA) a mixture of acetonitrile/water 1:1
(vol:vol) was used. The concentration of the matrix
solutions was 0.1 M and the concentration of the
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analytes was 105–104 M. The acids perchloric acid,
hexafluorophosphoric acid, and bis(trifluoromethylsul-
fonyl)imide were dissolved in water at concentrations
between 0.01 and 0.1 M. For MALDI standard dried
droplet preparations, 1 L of each solution (matrix,
analyte, and acid), were mixed on the MALDI target
and dried by a gentle flow of air. The cinnamic acid
matrices CHCA and CMCA were dissolved in ace-
tone containing 5% water for surface preparations: A
thin matrix film was produced, dried, and droplets of
analyte and acid solution were mixed an the top of the
matrix layer and dried to yield a uniform surface.
Mass Spectrometry
MALDI-MS experiments were carried out with a Voy-
ager-DE PRO time-of-flight mass spectrometer (Ap-
plied Biosystems, Framingham, MA) with delayed ex-
traction in the linear mode. The mass spectrometer is
equipped with a nitrogen laser (Laser Science, Franklin,
MA) emitting at   337 nm.
Results and Discussion
The experiments reported below were carried out in
acidic solution at pH 2 by using either perchloric acid
(HClO4), hexafluorophosphoric acid (HPF6), or bis(tri-
fluoromethylsulfonyl)imide (HTFSI [39, 40], structure
depicted in Scheme 1). The corresponding anions of
these strong acids have relatively low gas phase basi-
cities (GB). Some known GB values of anions are
compared in Table 1 (taken from http://webbook.nist.
gov/).
MALDI sample preparation with one of these acids
lead to appearance of anion adducts in the mass spectra
independant of which acid was used. Figure 1 shows
MALDI spectra of ubiquitin using 2,5-dihydroxyben-
zoic acid (2,5-DHB) as matrix for each acid. In all
spectra a similar number and distribution of anion
adducts is visible, varying mass differences reflect the
different anions. No adducts were found in control
experiments upon addition of trifluoroacetic acid
(TFA). If two anions with low gas phase basicities are
present, e.g., TFSI and ClO4
, mixed adducts are ob-
served, too.
The multiple adduct formation is a strong hint that
the multiply charged analyte cations are incorporated
together with their counter ions in the matrix crystals.
The untypical observation of strong anionization can be
explained by two different approaches: First, these
anions might be more closely (and maybe more tightly)
bound to the analyte than other anions. Second, charge
neutralization by proton transfer is energetically unfa-
vorable, especially in the case of anions with low gas
phase basicities (GB). Although the first argument must
not be neglected, the second requirement has to be met
in any case and is therefore a necessary prerequisite for
observation of anion adducts.
The influence of the GB can be described as follows:
Anions have generally a higher GB than neutral bases
due to the negative charge (some values are given in
Table 1). Therefore, all neutralization reactions are
exergonic, but coulombic forces have to be included,
too. Ionic forces between formiate and protonated gua-
nidine, imidazole, or ammonia as a model system have
been calculated to be between 490 and 590 kJ/mol at the
Scheme 1. Structure of bis(trifluoromethylsulfonyl)imide
(HTFSI).
Figure 1. Mass spectra of ubiquitin prepared with 2,5-dihy-
droxybenzoic acid (2,5-DHB) and different strong acids: (a) Bis(tri-
fluoromethylsulfonyl)imide (HTFSI); (b) HClO4; (c) HPF6.
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minimum distance (250–390 pm) [36]. This interaction
energy is reduced in a partially solvated system to
350–415 kJ/mol. This energy barrier has to be over-
come by the energy release upon proton transfer for an
ion pair to neutralize. If the proton transfer energy is
considerably lowered, e.g., in the case of an ion pair
between arginine and TFSI (GB  214 kJ/mol), the
reaction will become highly endergonic because of
electrostatic forces and the anion adduct survives the
desorption process and becomes visible in the mass
spectrum. The tentative mechanism of adduct genera-
tion is illustrated in Scheme 2: The analyte is incorpo-
rated in a multiply charged state together with the
corresponding counter anions. Upon laser ablation,
charged clusters are generated, either by charge sepa-
ration and/or by photoionization processes, and neu-
tralization and subsequent evaporation of neutrals lead
to the final ion. However, in case of a weakly basic
anion (Y) inter-ionic proton transfer is prohibited and
the adduct will survive the MALDI process.
Influence of Matrix and Analyte
The maximum number, the distribution, and the peak
intensities of anion adducts depend not only on the
analyte, but also on the matrix. With most matrices, e.g.,
2,5-DHB or CHCA, only a few adducts were observed,
presumably mainly arginine residues are complexed;
this was found before by Zenobi and coworkers for a
similar system [30–32]. Anionization is, nevertheless,
not restricted to arginine residues because with increas-
ing mass the number of adducts exceeds the number of
arginines as can be seen in Figure 2. Cytochrome C has
only two arginines in its sequence, but many more
adducts are detected with 2,5-DHB, although the first
peak is still remarkably higher than the others.
However, if the matrix 3-hydroxypicolinic acid (3-
HPA) is used instead, a strong shift to higher adduct
numbers is observed, and the maximum adduct num-
ber in the positive-ion mode corresponds to the number
of all basic sites in the molecule minus 1 (see spectra of
bovine insulin in Figure 3a and b). Besides one arginine,
one lysine, and two N-termini two histidines are also
protonated in a strongly acidic environment. The cor-
relation of the adduct number with the number of basic
sites was consistently observed for a variety of peptides
and small proteins. For cytochrome C only an unre-
solved broad signal of minute intensity was observed
with 3-HPA, corresponding to the high number and
broad distribution of anion adducts resulting from the
24 basic sites and presumably also due to their meta-
stable fragmentation.
The method can be used to estimate the total number
of basic sites as well as the number of arginine residues.
The spectra in Figure 4 obtained with two different
matrices show a mixture of three peptides with differ-
ent basic sites: Bradykinin (2 Arg and 1 N-terminus),
neurotensin (2 Arg and 1 Lys), and [Glu1]-fibrinopep-
tide (1 Arg and 1 N-terminus). In the first spectrum,
using 2,5-DHB as matrix, one adduct of bradykinin (m/z
1060) and one adduct of neurotensin (m/z 1673) can be
detected by the characteristic mass shift of m/z 281, but
no adduct of [Glu1]-fibrinopeptide (m/z 1570) is visible.
The observation agrees well with the fact that [Glu1]-
fibrinopeptide has only one arginine residue whereas
the other peptides have two. The spectrum recorded
with 3-HPA shows two adducts of bradykinin and two
adducts of neurotensin, in accordance with the exis-
tence of three basic residues in each peptide, but only
one adduct of [Glu1]-fibrinopeptide with only two basic
residues (1 Arg, 1 N-terminus) appears.
It is noticeable that in all the spectra recorded with
3-HPA the signal corresponding to the highest number
of anion adducts is only detected with remarkably
lower intensity. One can speculate that this last anion is
coordinated to a site of low basicity, i.e., the N-termi-
nus, and that it is more efficiently neutralized within
the desorption process. This would suggest that the
excess charge is not located at the N-terminus and that
starting from a neutral multi-ion pair, i.e., from an ion
cluster with a net charge of zero, charge separation
occurs preferably at basic sites other than the N-termi-
nus, maybe because of different ion pair distances or
energetic demands.
The observations can be used to estimate the point
where complexes are no longer observed (GB values are
given in Table 1). For most matrices used except 3-HPA,
this value should be higher than 214 kJ/mol, which is
Scheme 2. Tentative mechanism of adduct formation with an-
ions of low gas phase basicity.
Figure 2. Mass spectrum of cytochrome C prepared with 2,5-
dihydroxybenzoic acid (2,5-DHB) and bis(trifluoromethyl-
sulfonyl)imide (HTFSI).
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the GB of the ion pair arginine/TFSI, because these are
always detected. As partial complexation of histidine
and lysine residues occurs at least for analytes with
higher masses, the barrier should be in the order of
250–350 kJ/mol (GB Lysine/TFSI  269 kJ/mol).
Assuming an average GB limit of 300 kJ/mol above
which adducts cannot be observed, subtraction of the
coulombic term (see previous chapter and references
[36]) delivers an estimate of the activation energy nec-
essary for adduct decomposition. This amounts to 190–
290 kJ/mol neglecting solvation effects, but drops to
50–115 kJ/mol in case of solvated ion pairs, however, a
considerable uncertainty remains.
In contrast, the “softer” matrix 3-HPA leads to en-
hanced adduct survival so that slightly higher GB
differences are tolerated without adduct decompositon,
which points to a lower degree of activation upon the
desorption process. The softness of the matrix 3-HPA
becomes visible by a low degree of fragmentation and
can be correlated to a higher initial ion velocity com-
pared to other matrices [1]. The reason might be the
more effective expansional cooling upon the ablation
process. However, no adducts are observed between
arginine and TFA, although the GB difference is only
318 kJ/mol. This discrepancy is a hint that not only GB
differences are responsible for all of the observed effects
and that additional energetic terms such as hydrogen
bridges or solvation effects have to be considered.
Coulomb attractions are significantly lowered upon
solvation of ion pairs [36], and closer contact or a
reduced solvation might lead to enhanced adduct for-
mation using 3-HPA.
Influence of Ion Polarity and Analyte Net Charge
The spectra presented so far were all recorded in
positive-ion mode. In a surprisingly general consistency
for all cases investigated, the maximum number of
detected anion adducts and the distributions are shifted
by “2” in the negative ion mode. Again, this can be
used to confirm data about the number of basic resi-
dues, because the difference of two adducts between
positive and negative mode can be easily checked. It is
noteworthy that this difference of two adducts corre-
sponds to the same maximum number of protonated
sites. The overall charge is caused by the different
number of adducts only, with one anion deficit in
positive ion mode and one anion excess in negative ion
mode, respectively. For example, Figure 3 shows insulin
spectra recorded in negative and positive ion mode: Up
to seven adducts are detected with 3-HPA in negative
ion mode (see Figure 3d); since insulin has only six basic
residues, this is a clear case of anionization for which
the “ionizing” excess anion needs to be bound unspe-
Figure 3. Mass spectra of bovine insulin in positive and negative ion mode obtained with two
different matrices and addition of HTFSI {bis(trifluoromethylsulfonyl)imide} (a) 2,5-DHB (2,5-
dihydroxybenzoic acid), positive; (b) 3-HPA (3-hydroxypicolinic acid), positive; (c) 2,5-DHB, negative;
(d) 3-HPA, negative. The peak labels refer to the number of TFSI adducts.
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cifically to the multi-ion pair. Any addition of a second
anion to form doubly-charged ions will be improbable
because of the coulombic repulsion and the low inter-
action energy, conversely the separation of a second
anion to form doubly-charged positive ions is made
more difficult by coulomb attraction. In this simple
way, the production of mainly singly charged ions by
MALDI can be rationalized. The majority of the clusters
and thus analytes might indeed be completely neutral-
ized by intact ion pairs and will not show up in the
mass spectrum, and correspondingly an estimate to
which extent charged species are formed is not possible.
In a further experiment, the influence of the net
charge state of the analyte was investigated. All sam-
ples were prepared in acidic environment so that car-
boxylic acids were protonated and thus not negatively
charged. However, phosphoric or sulfonic acid residues
will still be negatively charged. Figure 5 depicts the
mass spectrum of oxidized bovine insulin B-chain using
3-HPA as a matrix. Less adducts than expected from the
number of basic sites alone are visible: Insulin B-Chain
has five basic residues (1 Arg, 1 Lys, 2 His, and 1
N-terminus), but also contains two sulfonates because
of the oxidized cysteines. The fact that the maximum
number of anion adducts is reduced by two in both
polarities clearly indicates that intermolecular salt
bridges between basic sites and sulfonates exist, result-
ing in a reduced net charge of the analyte and conse-
quently less adduct formation.
Anion Competition and Charge Separation
Efficiency
All analytes show a distribution of anion adducts, if
weakly basic anions are added, up to the maximum
Table 1. Gas phase basicities (BG) of some anions and neutral
bases
GB (kJ/mol)a
Anion
CH3COO
 1429
Glycine 1404
Cl 1373
2,5-DHB 1329
CF3COO
 1325
HSO4
 1265
TFSI 1221
ClO4 1180
Neutral base
Arginine (side chain) 1007
Lysine (side chain) 952
Histidine (side chain) 952
Glycine (N-terminus) 852
NH3 847
H2O 685
aValues are taken from http://webbook.nist.gov/
Figure 4. Positive mass spectra of a peptide mixture obtained
with two different matrices and addition of HTFSI {bis(trifluoro-
methylsulfonyl)imide}. B  bradykinin, G  [Glu1]-fibrinopep-
tide, N  neurotensin; the numbers refer to the number of
TFSI-adducts.
Figure 5. Mass spectra of oxidized bovine insulin B-chain ob-
tained with 3-HPA (3-hydroxypicolinic acid) and HTFSI {bis(tri-
fluoromethylsulfonyl)imide} in positive and negative ion mode.
The peak labels refer to the number of TFSI adducts.
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possible number. That typically a distribution of anion
adducts is observed and not just the maximum-number
species—which would to be expected from a simple
charge-separation model—can be attributed to two
effects. First, analyte ions are excited due to the MALDI
process, which supplies the energy to overcome the
neutralization barrier also in case of endergonicity.
Since the degree of excitation depends on the matrix,
different degrees of adduction are observed, with a shift
to a higher number of anion adducts for softer matrices,
such as 3-HPA [1]. Second, at pH values below the pKa
of the matrix, a percentage of the excess matrix still
exists in its anionic form; these anions compete with the
weakly basic test anions for coordination to a proton-
ated positive site. Since their neutralization is by far less
endergonic or even exergonic, these ion pairs will not
show up.
These assumptions were tested with matrices of
different acidities. Figure 6 shows spectra of an equimo-
lar peptide mixture doped with HTFSI. The peptides
have the general formula AXG AXG AXG AXG, where
X is either threonine or arginine; they differ by the
number of arginines and thus positive charges. Using
2,5-DHB, CHCA, or 2,6-dihydroxyacetophenone (2,6-
DHAP), the number of anion adducts visible in the
spectra correlates well with the number of arginines in
the peptide, while with 3-HPA some N-terminal anion
adducts also appear with low abundance, as pointed
out above. All acidic matrices lead to a broad distribu-
tion of anion adducts and quantitative differences are
visible, however, these are not easily explainable. For
example, the prominent shift to lower-number adducts
in the case of 2,5-DHB may also be induced by the
crystallization process and a more pronounced exclu-
sion of the test anion compared to other matrices.
As the extreme case, a matrix without basic or acidic
functional groups is investigated. A derivative of
CHCA, -cyano-4-methoxycinnamic acid amide
(CMCA), was chosen; now TFSI is the only anion in
the solution. Indeed, both in positive- and negative-ion
mode the maximum-number anion adducts are ob-
served nearly exclusively, however, with reasonable ion
intensities in the positive-ion mode for all peptides (see
Figure 7a). In the negative-ion mode only the most basic
Figure 6. Positive mass spectra of a peptide mixture obtained with different matrices and addition
of HTFSI {bis(trifluoromethylsulfonyl)imide}. The peptides have the sequence AXG AXG AXG AXG
with X  Arg or Thr, and the peak labels refer to the number of arginines in the peptide. The peaks
are grouped according to the number of TFSI adducts. (3-HPA  3-hydroxypicolinic acid; CHCA 
-cyano-4-hydroxycinnamic acid; 2,5-DHB  2,5-dihydroxybenzoic acid; 2,6-DHAP  2,6-dihydroxy-
acetophenone).
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peptides are detected with low signal-to-noise ratio
(Figure 7c). This points to the role of the number of
basic sites in binding the excess anion, even if those are
compensated formally by counter ions. Conversely, the
stronger attractions with every additional basic site also
lead to a less efficient charge separation, visible by the
constant or even decreasing signal intensities observed
in the positive ion mode. It is noteworthy that the
opposite intensity distribution is observed if acidic
matrices are used, especially if all signal intensities
related to the same peptide are added up (see Figure 6).
This effect can be rationalized assuming that the more
demanding charge separation for more highly charged
(basic) analytes in case of stable ion pairs would be
overcompensated by the easier charge separation in the
case of matrix counter anions and an enhanced proba-
bility for a higher number of basic sites. But not only
anion competition is responsible for the signal distribu-
tion, because also at high laser fluences a shift to smaller
adduct numbers is induced due to (metastable) decay
(Figure 7b). These observations support the important
role of both analyte-ion excitation and (matrix) anion
competition for the generation of adduct distributions
as discussed above.
Conclusions
The detection of anion adduct distributions correspond-
ing to the number of basic sites in the analyte by using
weakly acidic anions supports the assumption that
analytes are incorporated as (multiply) charged ions
with their counter ions in the host matrix crystal, and
substantiates the idea that MALDI ions are generated
by an explosive cluster charge separation mechanism.
There are two effects which influence the possible
product ion distribution: First, the matrix-dependant
amount of energy transfer to the analyte and second,
the competition of different counter ions for the charged
analyte sites. Moreover, the efficiency of charge separa-
tion and thus ion production is determined by the way
of ion pairing, which is certainly not only influenced by
the existing ions themselves but also by the crystalliza-
tion procedure. Therefore, each strategy to improve
MALDI analysis has to deal with—and has been deal-
ing with—empirical optimization of sample prepara-
tion procedures, e.g., the choice of solvents or additives.
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